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[Problem] In regard to manufacturing method of silicon-based i 
nsulating film, as insulating film of low dielectric constant 
whichdoes not include hydrogen which takes in OH group and 
OH group thelow temperature is formed, it designates that 
silicon-based insulating film of low dielectric constant which 
doesnot have oxygen plasma resistance or moisture absorption 
is formed as object, 

[Means of Solution] Introducing mixed gas or liquid which inclu 
des silicon-based starting material and thethird kind amine which 
possess cyanate group and alkyl group in reactorreacting, it has 
constitution which accumulates low dielectric constant silicon- 
based insulating film on thesubstrate. 
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limmUDWttl I [Claim(s)] 
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[Claim 2] As for silicon-based starting material possessing cyan 
ate group and alkyl group, being a blend ofthe ^jp9*silyl 
* isocyanate , or alkyl * silyi * isocyanate and tetra * 
isocyanate * silane, as for 3rd kindanrine it is a tri * alkyl * 
amine, manufacturing method of silicon-based insulating film 
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which is stated in theClaim 1 which designates that it is a silicon 
dioxide thin film of low dielectric constant to which thesilicon- 
based insulating film which is accumulated on substrate includes 
carbon or thealkyi group, does not include hydroxy group as 
feature. 

[Claim 3] 



[Claim 4] As for starting material which does fluoridation treat 
ment being a hydrofluoric acid orfluoridation acyl, 
manufacturing method of silicon-based insulating film which it 
states in theClaim 3 which designates that it substitutes cyanate 
group which remains inthe membrane in fluorine as feature. 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention is something 
regarding manufacturing method of silicon-based insulating film 
which thelow dielectric constant silicon-based insulating film 
which is used in order to decrease parasitic capacitance between 
metallizationin multilayer metallization etc of large scale 
integrated circuit equipment, low temperature is formed. 

[0002] 

[Prior Art] Using for example , organosilane, it forms low diele 
ctric constant silicon-based insulating film which is used in order 
to decreasethe parasitic capacitance between metallization in 
multilayer metallization etc of large scale integrated circuit 
equipment, as theSOG film conventional SOG film is thought 
that because of silicon - carbon bond which is in that fordensity 
decrease of electron polarization and membrane itself it 
becomes membrane of thelow dielectric constant. But, with 
silicon - carbon bond like connection with methyl group or 
other reacted group and silicon, asfor organic reacting group it 
is not a stability vis-a-vis oxygen plasma which becausethe 
reactivity of carbon and oxygen is high is used with LSI 
production step. Furthermore, as for SOG film melting in 
organic solvent, applying with thestate, because it forms thin 
film, in order to remove hydroxy group (OH) etcwhich, remains 
in membrane thermal processing of 450 °C extent becomes 
necessary. 

[0003] In addition, disassembling tetra * methyl * silane (Si(CH 
3 )4 ) and oxygen in plasma thelow temperature is formed 
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silicon-based insulating film of low dielectric constant as 
method which, also themethod which accumulates silicon oxide 
film which includes silicon - methyl connection istried, but in 
order polymer and water etc of tetra * methyl * silane 
areincluded in film, to remove this, heating with 450 °C 
extent, it isnecessaiy to remove. 

[0004] In addition, it is possible to lower dielectric constant to i 
nviting ratio3 .3, by adding fluorine in silicon film in silicon- 
based insulating film In this case, when concentration of 
fluorine is increased, fluorine concentrationincreases following, 
moisture absorption in fluorine addition silicon oxide film 
increases,OH connection is formed in membrane because of that, 
becomes thecause of instability of insulating film. 

[0005] Or, it is possible to accumulate insulating film where diel 
ectric constant is close tothe 2 by using fluorocarbon or other 
fluororesin thin film , amorphous carbon membrane or other 
carbonaceous insulating film, but these insulating film heat 
resistance are scanty, itis a unstable vis-a-vis oxygen plasma, 

[0006] 

[Problems to be Solved by the Invention] Manufacturing metho 
d of silicon-based insulating film of conventional low dielectric 
constant, as description above, was theunstable vis-a-vis 
oxygen plasma treatment. Or, O-H connection or hydrogen 
existed in membrane which isproduced had become factor which 
designates characteristic of integrated circuitas unstable. 

[0007] This invention as insulating film of low dielectric consta 
nt which does not include hydrogenwhich takes in OH group 
and OH group low temperature is formed, designatesthat 
manufacturing method of silicon-based insulating film which 
forms silicon-based insulating film of low dielectric constant 
whichdoes not have oxygen plasma resistance or moisture 
absorption is offered as object. 

[0008] 

[Means to Solve the Problems] Tetra * isocyanate * silane be ab 
le to accumulate film which does not include thehydrogen in 
principle because hydrogen is not included in starting material, 
reacting with third kind amine (tri * methyl * amine ((CH3 )3 
N) or other alkyi * amine) and low temperature which have 

thesimilar dipole moment with dipole moment where N - C 
connection which existsin structure is strong, can accumulate 
silicon dioxide film of high quality, hydrogen exists in this 
starting material , but because that is not disassembledbeing tied 
by strong connection in form ofC-H, with thelow temperature, 
for most part there are not times when it forms OH-group. 

[0009] Furthermore, as for alkyi * silyl * isocyanate not only i 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. BTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.4 



JP 991 11 71 4A Machine Translation 



[00 10] *6I=, B«W=«B-r*^7*-h»a>* 

KBWO-Bft^y^B&ME-e**. 
JU»fe*tfB«fl!)H*t#**rB©ftB«»fttfT3 
-*a>*-eBB1-4«*i=jftB«FMa>^ 

»«. *0>fctf>, RB*77X?ttftJ:tjEHatta>*« 
t C*ifc«B«*i> 'J a >3M6BB*«B»B^#*o 



[00 11] *>7*-h££7;u 
U a >*B»fcJ:t«t=B7 5 £ 

•4/ 'J 3 :/XBBB* JWLtfcitBr £<fc 5 l= Ltc 0 

[0 0 12] m 1 (^&na>BBBnB'C&«. Hi: 
fc^T, i teSPSS -efcor, *3t££* 

ftt^«j3>*«»fcB=a7S>tBS** I J/Ua 
>»«iB«f»*5±l=BBt44ia>-C**. 



[00 13] 2ltttite@A-efcoT. m=fi7^>£& 
t<DTrfc£ <»3B75>i:LTtt, «*tf. h 
y-y^l/-75>. h "J - x^;u- 7 5>, hU-? 
^;b-75>, h'J ■ If - T 5 >«0> h U • 7JU 
*;b-75>, 3&StM±h'J ■ 7;u^-oy^;i/- 75> 

7 5>a>*B*/\py>T?B*ufcta>» , c**) o 

[0 0 14] 3(*tftS&©BT?fcoT ( *>7*-hS<!:7 

7;u*;u ■ y ;u • v *>7*— K t t h 7 ■ -f y v7 

[ooi5] 4i*fit$is : rfcSo 5i*ss-efcor, s 
«BB*»&'4-«*&'i'fc«. I 

[00 16] 6l**>'ja:/3RtftBB"tffcoT, fcRS* 
1 (DffitfLizts^x, i/7*-ha<t7;u*;uS£*t£ 



ncluding cyanate group whichincludes above-mentioned N - C 
connection, dielectric constant because methyl group or other 
alkyl groupwhich is thought that there is also an effect which 
decreases isincluded, only cyanate group reacting making use of 
tri * alkyl * amine, silicon oxide filmwhich does not include way 
and OH group which leave connection ofthe silicon and methyl 
group can be formed, 

[0010] Furthermore, controlling quantity of cyanate group whic 
h remains inthe film, fluorine and reaction * substituting this, it 
canform silicon dioxide film of low dielectric constant which 
possesses both parties of silicon - methylconnection and silicon - 
fluorine connection. In addition, making both of methyl group 
and fluorine include, thepermittivity reduction it is possible 
without methyl group of large amount which is necessaryto case 
where only fi lm manufacture it does on one hand by doing 
thepermittivity reduction of film, or including fluorine of large 
amount. Because of that, low dielectric constant silicon-based 
insulating film which is oxygen plasma resistance and moisture 
resistance and issuperior can be formed low temperature. 

[0011] 



[0012] Figure 1 is principle explanatory diagram of this inventi 
on. In Figure 1, 1 being a reaction chamber (reactor), silicon- 
based starting material and third kindamine which do not include 
hydrogen reacting, is something whichaccumulates silicon-based 
insulating film on substrate 5. 

[0013] As for 2 being a supply pipe A, (As 3rd kind amine, it is 
something etc which substitutes thehydrogen of for example , 
tri * methyl * amine , tri * ethyl * amine , tri * butyl * amine , 
tri * propyl * amine or other tri * alkyl * amine , or tri * 
fluoramethyi * amine , tri * fluoro ethyl * amine or other tri * 
alkyl * amine with halogen. ) which is something 
whichsupplies third kind amine. 

[0014] 3 being a supply pipe B, is something which supplies silic 
on-based starting material whichpossesses cyanate group and 
alkyl group, (mixture of for example , alkyl * silyi * 
isocyanate , or alkyl * silyi * isocyanate and tetra * isocyanate 
* silane). 

[0015] 4 is degassing tube. It is a substrate where 5 being a subst 
rate, accumulates reaction product 7which is formed with 
reaction chamber 1, forms silicon-based insulating film. 

[0016] 6 being a silicon-based insulating film, is silicon-based ins 
ulating film of low dielectric constant. 7 is reaction product. 
At time of constituting Figure 1 , silicon-based starting material 
and third kindamine which possess cyanate group and alkyl 
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group directly or using thecarrier gas, it introduces vapor into 
reaction chamber due to gas . Or, both parties of silicon-based 
starting material and third kind amine which possessthe cyanate 
group and alkyi group or liquid of one side are introduced 
intothe reaction chamber directly. And, it reacts with third kind 
amine which is supplied from the supply pipe A(2) and is 
supplied from supply pipe B(3) cyanate group and silicon-based 
starting material whichpossesses alkyi group in reaction 
chamber 1, reaction product 7 is formed. And reaction product 
7 being accumulated in substrate 5, silicon-based insulating film 
6 of low dielectric constantis formed low temperature. 

[00 1 7] According to this invention, insulating film of low dielec 
trie constant which does not includethe hydrogen which has 
reactivity which takes in OH group and OH groupcan be formed 
low temperature. In addition, low dielectric constant silicon- 
based insulating film which does not have oxygen plasma 
resistance or moisture absorption canbe formed. 

[0018] 

[Embodiment of Invention] Silicon dioxide thin film which incl 
udes methyl group with low temperature of deposition 
temperature 100 °C extentaccording to this invention, making 
use of ambient pressure hot wall type CVD equipment can 
beaccumulated. You verified that it can change to 30 % by 
Auger electron spectroscopy with theinsulating film of silicon 
dioxide type which is formed by method of this invention, 
asfor carbon in membrane vis-a-vis silicon. In addition, methyl 
group in membrane verified that it has connected with silicon 
from measurement result of Fourier transform infrared 
spectroscopy, ( Figure 7 reference). In addition it verified that 
dielectric constant is approximately 3.5 fromelectrical capacity 
measurement. In addition, according to this invention it can 
decrease to 3.2 thedielectric constant silicon-based insulating 
film which is accumulated with method of this invention 
withfluorine treatment in membrane which cyanate group in 
membrane removal* is substituted. 

[0019] Embodiment is explained below. Figure 2 is embodimen 
1 1 of this invention. You use tri * methyl * amine or other 
amine type gas as 3rd kind amine, using alkyi * silyl * 
isocyanate as thesilicon-based starting material which possesses 
cyanate group and alkyi group, you show case whereit forms low 
dielectric constant silicon-based insulating film. 

[0020] In Figure 2, 1 is reaction chamber. 2 being a supply pipe 
A, is tube which introduces gas of the 3rd kind amine. 

[002 1 ] 3 being a supply pipe B, is tube which introduces nitroge 
n gas (carrier gas) inorder to carry vapor of tetra * isocyanate 
*silane. 4 is degassing tube. 
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[0022] 5 is substrate. 1 1 being a flow control equipment, is som 
ething which adjusts flow of the amine type gas. 12 being a flow 
control equipment, is tube which adjusts flow of thecarrier gas 
which carries vapor of alkyi * silyl * isocyanate * silane. 

[0023] 13,14 is valve of supply pipe A(2). 15,16,17 is valve of 
supply pipe B(3). 22 being a alkyi * silyl * isocyanate of liquid, 
is something which has enteredinto container. 

[0024] 23,24 is heater. At time of constituting Figure 2, 3rd k 
ind amine type gas isintroduced into reaction chamber 1 directly 
by supply pipe A(2) . flow is controlled by flow control 
equipment 1 1 . In addition, carrier gas is introduced from 
supply pipe B(3), passes throughthe alkyi * silyl * isocyanate of 
liquid, with vapor of alkyi * silyl * isocyanate is introduced 
intothe reaction chamber 1 . flow is controlled by flow control 
equipment 11 . In reaction chamber 1, with ambient pressure 
or vacuum state, vapor of amine type gas andthe alkyi * silyl * 
isocyanate reacting, thermal decomposition it is done, silicon 
dioxide film is accumulated inthe substrate 5. 

[0025] Figure 3 is embodiment 2 of this invention. Figure 3 is 
something which shows case where silicon-based insulating film 
of thelow dielectric constant is formed mixed gas of tetra * 
isocyanate * silane and alkyi * silyl * isocyanate by reacting 
withthe amine type gas. 

[0026] In Figure 3, 1 is reaction chamber. 2 being a supply pipe 
A, i s tube which introduces gas of the 3 rd kind amine. 

[0027] 3 being a supply pipe B, is tube which introduces nitroge 
n gas (carrier gas) inorder to carry vapor of tetra * isocyanate 

* silane. 4 being a supply pipe C, is tube which introduces 
nitrogen gas (carrier gas) inorder to carry vapor of alkyi * silyl 

* isocyanate 22. 

[0028] 5 is substrate. 1 1 being a flow control equipment, is som 
ething which adjusts flow of the amine type gas. 12 being a flow 
control equipment, is tube which adjusts flow of thecarrier gas 
(nitrogen gas) which carries vapor of tetra * isocyanate * silane. 

[0029] 1 2* being a flow control equipment, is tube which adjusts 
flow of thecarrier gas (nitrogen gas) which carries vapor of 
alkyi * silyl * isocyanate. 13,14 is valve of supply pipe A(2). 

[0030] 15,16,17 is valve of supply pipe B(3). 18,19,19* is valv 
e of supply pipe C(4). 21 being a tetra * isocyanate * silane of 
liquid, is something which has enteredinto container. 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800430-5727) 



P.7 



JP 991 1 1714A Machine Translation 



[003 1] 2 2l#fc*(D7;MrA>- *> »J ;b • -f V *>7 

[0 0 3 2] 3 4li£af : T?ft&o 03<O«jSlZfc^T 
. *3fl7 5>*#;U«Me»A (2) IZcfctJUftSIt 

[003 3] *fc, ttte^B (3) *y**y7ffX ( 

mwx) *<«a$h, ststfikSMMMi 2i=*y 
to+£iiy. tKv • -rv*>7*-h • *>^>2 1©« 

Sit t t\zBLIti& 1 l=»A$*i*o 
[0 0 3 4] *fc, #*&<tC (4) *y**iJ7*fX ( 

y*WP**t. a*0)7^;U- S/U^--f V*>7*-h 
♦ *»y. 7)lt*r)\f *>'J^- -fV5/7*— h22(0$i 
St 1 1 ££££ 1 

[003 5] RJtSl icfct^r, 75>^X^:f h7 
7*- K0S£#X*<Klfc U ttB«»©-IWfc^ 'J 3 

[0 0 3 6] C<0#<7>8iB&#li. 7 5>**XtLr 
hy • *T;U75>(0»S*30~45sc cm, f h 
V Vi/7*-h ■ (T I CS) <03tSA<0. 

007 seem (B***'J7#X1 0 s c cm) , 7 

;u*;u-*>y^--rv*>7*— h (asic) <buxs 

i CH 3 (NCO) 3 O^U- v 1 ^- *f V*>7*- 
h) tttfflLfcftflDS i CH 3 (NCO) 3 0)3Sfi/)<0 
. 0 5 2 s c c m (Sfl£4-* U 7 2 0 s c c m) , 
IM&AS I Ct LtS i (CHJ>2 (NCO) 2 (5 

*>y;i>- v-rv^7*-h) SttfflLfcWos 

i (CH 3 ) 2 (NCO) 2 <03tS A* 0 . 13sccm( 
B***'J7#X2 0 s c cm) I 

[0037] *«Ra)«ita)»s$$ArEA»±Tft 

fcot, 7 £ >3RJB»i: LT h U ■ x^;U7 5 >^(0i£ 
tta>*3«7 5:/*ttfllU 5/7*-K»fc7iWr;UI 

£*t y =i >%i%nt lt 7;u+;u • y ;u • << v 



[0 0 3 8] buizJsivc. iiisitS-efeSo 21** 

[0039] 3itm^BVS>r>x, 7^*;u-5/'j;u 
7#X) S*At5ftfeSo 5l*Sfi?fc* 0 



[003 1] 22 being a alkyl * silyl * isocyanate of liquid, is somethi 
ng which has enteredinto container. 23,24 is heater. 



[0032] 34 is degassing tube. At time of constituting Figure 3, 
3rd kind amine type gas isintroduced into reaction chamber 1 
directly by supply pipe A(2) . flow is controlled by flow control 
equipment 1 1 . 

[0033] In addition, carrier gas (nitrogen gas) is introduced from 
supply pipe B(3), flow iscontrolled by flow control equipment 
12 , passes through tetra * isocyanate * silane 21 of liquid, 
withthe vapor of tetra * isocyanate * silane 2 1 is introduced 
into reaction chamber 1 . 

[0034] In addition, carrier gas (nitrogen gas) is introduced from 
supply pipe C(4), flow iscontrolled by flow control equipment 
1 1 , passes through alkyl * silyl * isocyanate of liquid, withthe 
vapor of alkyl * silyl * isocyanate 22 is introduced into 
reaction chamber 1. 

[0035] In reaction chamber 1 , mixed gas of amine type gas and 
tetra * isocyanate * silane and alkyl * silyl * isocyanatereacts, 
silicon dioxide film of low dielectric constant is accumulated in 
substrate 5. 

[0036] As for film manufacture condition of this time, as amin 
e type gas when using Si(CH3 )2 (NCO)2 (dimethyl * silyl * 
diisocyanate) theflow of 30 to 45 seem , tetra * isocyanate * 
silane (TICS) when using SiCH3 (NCO)3 (methyl * silyl * 
isocyanate) as 0.007 seem (nitrogen carrier gas 10 seem), alkyl 
* silyl * isocyanate (ASIC), flow of theSiCH3 (NCO)3 with flow 
oftri * methylamine as 0.052 seem (nitrogen carrier 20 seem), 
or ASIC, flowof Si(CH3 )2(NCO)2 is 0.1 3 seem (nitrogen 
carrier gas 20 seem). 



[0037] Including embodiment of this invention, pressure is all a 
mbient pressure (Approximately 1 atmosphere ). Figure 4 
being a embodiment 3 of this invention, uses 3rd kind amine of 
thetri * ethyiamine or other liquid as amine raw material, shows 
manufacturing method when alkyl * silyl * isocyanate is used as 
thesilicon-based starting material which possesses cyanate 
group and alkyl group. 

[0038] In Figure 4, 1 is reaction chamber. 2 being a supply pipe 
A, is tube which introduces nitrogen gas (carrier gas) inorder to 
carry vapor of amine raw material of liquid. 

[0039] 3 being a supply pipe B, is tube which introduces nitroge 
n gas (carrier gas) inorder to carry vapor of alkyl * silyl * 
isocyanate. 5 is substrate. 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. ISTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.8 



JP 9911 1714A Machine Translation 



[0 0 4 0] 1 i i*3SS*18PS«-efeoT, 75>£H 
fc£ 0 1 2«3ttfliliM^*oT. T^U">'J^ 

[004 11 1 3, 1 4, 15l*#te©A (2) <T)*)l 
^■efc*. 16. 17, 1 8I*0MS§B (3) <J)/0l>7 
■Mbh. 2OI*£tt07£>Mitt-C?$>oT. 

[0042] 21 1*7^+^ • *> 'J ;U ■ «f V v7*~ I- 
TfeSo 2 3, 2 4l*fc-*T?ftS. 3 4l*StSll i -r?fc 

*o 

too4 3] 04(D«fi£i-fc^r, mmnxtw&'SA 

(2) *t&0ttt£ii. SSSMSPSai 1 rSKS^fllSP;* 
££tlc£i££lc$AS*i*<> I 



[0044] B (3) J;y*Y'J7#*#3*A2 

;Mr;u- *>'j;i" H2 KDtfcjiy. 7;U 

*>'j;u- -f y*>7*— H2 i^SSftttticjSJt 

[0 0 4 5] RlfcSlKfc^T. 75>*W*»0*»t 

LThU • x^;i/- 75>^OiSftO)S3a75>$tt 
fflU i/7*-h«t7^US^*t* fc > , J3>Sl 
*4iLTTr*7 • * 7*>7*-h ■ V7>t7;^' 

5/»j;u- -f yv7*-h(DS£#*£ttffl?***£<08i 

[0046] BSlcftl^C, 11*5**^**0 214* 
J£gAt?fcoT. **0»3a7 3>0**'J7#* ( 

*«At*» "e**o 

[0 0 4 7] 3l4tt*StB-e*oT, fh7^V*>7 

ttfcSo 4i*tt*&§ cv&ox, 7;u*;u^>u;u- 

>TVv7*»h2 2(0lfit$a^fcAa)*V l J7^ ( 

[0 0 4 8] 5l*Sfit?** 0 1 l l*3Ufi*]SP8S"C* 
or, 7 5>K«»a>*-V l J7»X (BStfX) 0)355 

£iSg-f*ian?**o 

[0 0 4 9] 1 2l*35S*l$gST**oT. f h7'^ 
Vv7*-h ■ vv><0*-Y'J7#A C031E 



[0040] 1 1 being a flow control equipment, is something which a 
djusts flow ofthecarrier gas (nitrogen gas) of amine raw 
material. 1 2 being a flow control equipment, is something 
which adjusts flow of thenitrogen gas (carrier gas) of alkyl * 
silyl * isocyanate. 

[0041] 13,14,15 is valve of supply pipe A(2). 16,17,18 is valv 
e of supply pipe B(3). 20 being a amine raw material of liquid, is 
for example , tri * ethyiamine, 

[0042] 21 is alkyl * silyl * isocyanate. 23,24 is heater. 34 is de 
gassing tube. 

[0043] At time of constituting Figure 4, nitrogen gas is supplied 
from thesupply pipe A(2), is controlled flow with flow control 
equipment 1 1 and passes through thearnine raw material 20, 
with vapor of amine type gas is introduced into reaction 
chamber. 

[0044] Carrier gas is introduced from supply pipe B(3), flow is c 
ontrolled by theflow control equipment 1 2 , passes through 
alkyl * silyl * isocyanate 2 1 of liquid, with vapor of the alkyl * 
silyl * isocyanate 21 is introduced into reaction chamber 1. 

[0045] In reaction chamber 1, vapor of amine raw material and 
vapor of alkyl * silyl * isocyanate react,the silicon dioxide film 
of low dielectric constant is accumulated on substrate 5. Figure 
5 being a embodiment 4 of this invention, uses 3rd kind amine 
of thetri * ethyl * amine or other liquid as amine raw material, 
shows rrmufacturing method when mixed gas of tetra * 
isocyanate * silane andthe alkyl * silyl * isocyanate is used as 
silicon-based starting material which possesses cyanate group 
and thealkyl group. 

[0046] In Figure 5, 1 is reaction chamber. 2 being a supply pipe 
A, is tube which introduces carrier gas (nitrogen gas) of the3rd 
kind amine of liquid 

[0047] 3 being a supply pipe B, is tube which introduces carrier 
gas (nitrogen gas) of the tetra * isocyanate * silane. 4 being a 
supply pipe C, is tube which introduces carrier gas (nitrogen gas) 
inorder to carry vapor of alkyl * silyl * isocyanate 22. 

[0048] 5 is substrate. 1 1 being a flow control equipment, is som 
ething which adjusts flow of thecarrier gas (nitrogen gas) of 
amine raw material. 

[0049] 12 being a flow control equipment, is tube which adjusts 
flow ofthecarrier gas (nitrogen gas) of tetra * isocyanate * 
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silane. 1 2' being a flow control equipment, is tube which adjusts 
flow of thecarrier gas (nitrogen gas) of alkyi * silyl * 
isocyanate. 

[0050] 13,14,15 is valve of supply pipe A{2). 16,17,18 is valv 
e of supply pipe B(3). 19,19' and it is 19 " a valve of supply 
pipeC(4). 

[0051] 21 being a tetra * isocyanate * silane of liquid, is someth 
ing which has enteredinto container. 22 being a alkyi * silyl * 
isocyanate of liquid, is something which has enteredinto 
container. 

[0052] 23,24 is heater. 34 is degassing tube. At time of constit 
uting Figure 5, carrier gas (nitrogen gas) of 3rd kindamine raw 
material it is introduced by supply pipe A(2) , flow control is 
done with flow control equipment 1 land passes through amine 
raw material 20 (Such as for example , tri * ethylamine), with 
vapor of amine raw material isintroduced into reaction chamber 
1. 

[0053] In addition, carrier gas (nitrogen gas) is introduced from 
supply pipe B(3), flow iscontrolled by flow control equipment 
12 , passes through tetra * isocyanate * silane 21 of liquid, 
withthe vapor of tetra * isocyanate * silane 2 1 is introduced 
into reaction chamber 1. 

[0054] In addition, carrier gas (nitrogen gas) is introduced from 
supply pipe C(4), flow iscontrolled by flow control equipment 
1 2', passes tkou^ alk>d * sil>d * isocyanate 22 of liquid, 
withthe vapor of alkyi * silyl * isocyanate is introduced into 
reaction chamber 1. 

[0055] In reaction chamber 1, react with amine type gas , and t 
etra * isocyanate * silane and mixed gas of thealkyl * silyl * 
isocyanate, silicon dioxide film of low dielectric constant is 
accumulated in substrate 5. 

[0056] As for film manufacture condition of this time, as for fl 
ow of amine raw material as forthe 5 to 10 seem (nitrogen 
carrier gas 50 to 10 seem), TICS when using SiOfi (NCO)3 0. 
007 seem (As for nitrogen carrier gas 10 seem), as ASIC, as 
for theflow of SiCH3 (NCO)3 it is a 0.052 seem (nitrogen 
carrier gas 20 seem). Or when using Si(CH3 )2 (NCO)2 as ASIC, 
flowofSi(CH3)2(NCO)2 istheO.l 25 seem (As for nitrogen 
carrier gas 20 seem). 

[0057] Quantity of cyanate group which remains in silicon-bas 
ed insulating film in theabove-mentioned embodiment, by 
modifying proportion or other film formation condition of gas, 
can beadjusted. Quantity of cyanate group which remains in 
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silicon dioxide insulating film by shifting theflow ratio of for 
exan?)le,Si(CH3)2(NCO)2 andN(CH3)3 from optimum 
condition can be adjusted. Or, using Si(CH3 )(NO))3 , cyanate 
group (NCO) it can remain. 

[0058] Figure 6 shows equipment configuration in order to do fl 
uoridation treatment ofthe this invention. In Figure 6, 1 is 
reaction chamber. 

[0059] 2 being a supply pipe A, is tube which introduces nitroge 
n gas forthe flow adjustment of entirety. 3 being a supply pipe 
B, is tube which introduce* jpS*> fe gas (nitrogen gas) in order 
to carry vapor for fluoridationtreatment. 

[0060] 5 is substrate. 1 1 being a flow control equipment, is som 
ething which adjusts flow of thenitrogen gas for flow 
adjustment. 

[0061] 12 being a flow control equipment, is tube which adjusts 
flow of thecarrier gas (nitrogen gas) which carries vapor of 
material for fluoridationtreatment 13,14 is valve of supply 
pipeA(2). 

[0062] 15,16,17 is valve of supply pipe B(3). 25 is HF solution 
or fluoridation acyl. 13,14 is valve of supply pipe A. 

[0063] 15,16,17 is valve of supply B. 23,24 is heater. 4isdega 
ssing tube. 

[0064] At time of constituting Figure 6, nitrogen gas (nitrogen 
gas for flow adjustment) in order to adjustthe flow of entirety 
being controlled by flow control equipment 1 1 of supply pipe 
A(2), itis introduced into reaction chamber. In addition, carrier 
gas (nitrogen gas) being adjusted flow from supply pipe B(3) by 
theflow control equipment 12 , it passes through HF solution 
or fluoridation acyl 25, with thevapor of HF solution or 
fluoridation acyl 25 is introduced into reaction chamber 1 . And 
it can substitute or can remove cyanate group in silicon dioxide 
film which isaccumulated in substrate 5 in reaction chamber 1, 
by this fluoridation treatment, dielectric constant of silicon 
dioxide film it can decrease to 3.2 this way. 

[0065] As for processing condition, temperature is 1 50 to 200 
°C, as for flow of thenitrogen gas which carries vapor of 
hydrofluoric acid or fluoridation acyl asfor nitrogen gas for 5 
seem, flow adjustment is 195 seem In addition, temperature of 
liquid of hydrofluoric acid or fluoridationacyl is 21 °C. 

[0066] Figure 7 is Fourier transform infrared absorption wavefo 
rm of low dielectric constant silicon dioxide insulating film 
which is produced with methodof this invention. There is 
absorption where connection of Si - CH3 shows existence, 
connection of Si - CH existing in low dielectric constant 
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silicon oxide film which is accumulatedwith method of this 
invention is shown. 

[0067] As above explained, according to this invention, makin 
g use ofpolarizablewhere starting material of alkyl * amine 
type is strong, alkyl *sil>4*isocyanatethemialdecxHipositiQn 
it ispossible with low temperature of 100 °C extent, it can 
accumulate silicon dioxide film or other silicon-based insulating 
film ofthe low dielectric constant which includes methyl group. 
And, built up film are not times when because of strong C-H 
bond theOH group is included for most part while accumulating. 
Therefore, when using for integrated circuit equipment, there 
are not times whenoperation of integrated circuit equipment is 
designated as unstable. 

[0068] In addition, as mentioned earlier, this invention control 
s film formation condition cancontrol cyanate group which 
remains in silicon-based insulating film which such as 
isaccumulated Because of that, silicon-based insulating film 
which possesses oxygen plasma resistance of low dielectric 
constant thatway remains by substituting cyanate group which 
in fluorine can beacquired. At that occasion, controlling effect 
of both of SiOF andthe Si - CH3, because it has tried to obtain 
insulating film of low dielectric constant, itis possible effective 
dielectric constant to control with softening and to control 
oxygen plasma resistance. 

[0069] 

[Effects ofthe Invention] According to this invention, insulatin 
g film of low dielectric constant which does not includethe 
hydrogen which takes in OH group and OH group can be 
formed thelow temperature. In addition, low dielectric constant 
silicon-based insulating film which does not have oxygen 
plasma resistance or moisture absorption canbe formed. 
Because of that, using for integrated circuit equipment, stability 
it can produce thesilicon-based insulating film. 

[0070] Furthermore, because quantity of cyanate group which r 
emains in thesilicon-based insulating film with modification of 
film formation condition and selection of the starting material 
can be controlled, also it is possible to be possible, dielectric 
constant tocontrol and to control oxygen plasma resistance 
easily, to control from dielectric constant controland control of 
oxygen plasma resistance in softening furthermore, by 
doingfluoridation treatment in built up film 

[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a principle explanatory diagram of this invention. 
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[Figure 2] It is a figure which shows embodiment 1 of this inven 
tion. 

[Figure 3] It is a figure which shows embodiment 2 of this inven 
tion. 

[Figure 4] It is a figure which shows embodiment 3 of this inven 
tion. 

[Figure 5] It is a figure which shows embodiment 4 of this inven 
tion. 

[Figure 6] It is a figure which shows equipment configuration of 
fluoridation treatment of thethis invention. 

[Figure 7] It is a figure which shows Fourier transform infrared a 
bsorption waveform of silicon-based insulating film of low 
dielectric constant of thethis invention. 

[Explanation of Reference Signs in Drawings] 

1 : Reaction chamber (reactor) 

2: Supply pipe A 

3: Supply pipe B 

4: Degassing tube 

5: Substrate 

6: Silicon-based insulating film 
7: Reaction product 
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[Figure 6] 





ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. KTA cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.19 



